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JOINT RESEARCH

DEMONSTRATE THE ECO-INOVATIVE TECHNOLOGY USING WASTE NUTRIENTS

Further tasks

◦ Selection of microalgae strains with a specific fatty acid profile (C18:2n6, LA; C18:3n6, GLA; C18:3n6, ALA)
◦ Cultivation of selected microalgae in eco-inovative unit (characterization, biomass analysis)
◦ Providing the microalgae biomass to FF Vodňany for further experiments 

MAIN GOALS OF THE PROJECT
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THEORETICAL BACKGROUND
Fatty acids synthesis pathway
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Fig. 1 Synthesis pf fatty acids.

Fig. 2 General fatty acids analysed by GC-FID.

515 USD/1kg DW
*https://reedmariculture.com/products/nanno



SELECTION OF MICROALGAE
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o Chlorella vulgaris

o Monodopsis SVB200

o Monoraphidium „B“

o Literature

o Knowledge

o Recommendation

o Preliminary experiments

CHLOROPHYCEAE

EUSTIGMATOPHYCEAE

o Trachydiscus minutus

o Vischeria helvetica

Fig. 3 Preliminary selection of Monodopsis strain
from total 9 strain based on the growth rate.



PROVIDING OF MICROALGAE TO BEST
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o Chlorella vulgaris

o Monodopsis SVB200

o Monoraphidium „B“

CHLOROPHYCEAE

EUSTIGMATOPHYCEAE

o Trachydiscus minutus

o Vischeria helvetica



SELECTION OF BEST CULTIVATION MEDIA
Growth tests in a small scale
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Fig. 4 Selection of best growing
media for selected microalgae
strains in 100mL cylinders.

Microalgae
strain/medium

Growth rate [d-1]

BBM 6N BBM UREA BG-11

Chlorella vulgaris 0.41±0.05 0.37±0.05 0.43±0.05 0.43±0.05

Monodopsis 0.32±0.00 0.25±0.01 0.14±0.01 0.40±0.01

Monoraphidium „B“ 0.27±0.03 0.33±0.03 0.22±0.05 0.36±0.04

Trachydiscus minutus 0.35±0.02 0.32±0.02 0.39±0.04 0.42±0.04

Vischeria helvetica 0.31±0.01 0.27±0.02 0.29±0.02 0.29±0.02

Tab. 1 Growth rate [d-1] of selected microalgae strains in different cultivation media.



CULTIVATION IN MUNICIPAL WASTEWATER    
SMALL CYLINDERS 
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Fig. 5 Growing of Chlorella
vulgaris in BG-11 medium and
municipal wastewater A) t=0h,
B) t=19h.

Microalgae
strain/medium

Growth rate [d-1]

BG-11 WW

Chlorella vulgaris 0.32±0.0 0.25±0.05

Monodopsis 0.32±0.03 0.27±0.01

Monoraphidium „B“ 0.28±0.03 0.19±0.08

Trachydiscus minutus 0.40±0.00 0.38±0.02

Vischeria helvetica 0.35±0.01 0.33±0.03

Tab. 3 Growth rate [d-1] of selected microalgae strains in wastewater (WW) compared to the
growth in BG-11 medium.

A

B

Fig. 6 Cultivation of A) Trachydiscus
minutus and B) Vischeria helvetica in
BG-11 (first three cylindres from left)
and WW (right three cylinders).

A

B

T.minutus

V.helvetica

[mg L-1] N-NO3 N-NH4 TN P-PO4 TP

BG-11 250 - 250 7 7

WW 0.11 207 273 163 183

Tab. 2 Growth rate [d-1] of selected microalgae strains in wastewater (WW) compared to the
growth in BG-11 medium.



CULTIVATION IN MUNICIPAL WASTEWATER
BIGGER 400 ML CYLINDERS
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Fig. 7 Growing of selected
microalgae in municipal
wastewater in 400mL cylinders. 0
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Fig. 8 Growth rate of selected microalgae in BG-11 medium and wastewater (WW).

Fig. 9 Ammonium (NH4
-) removal from wastewater (WW).



CULTIVATION IN DIGESTATE 
from Třeboň‘s biogass station 
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Fig. 10 Digestate pre-treatment.

Fig. 11 Preliminary experiments with digestate in 400mL cylinders.

Sample/measured
parameter

TS BOD 5 COD Cr TOC N-NO3 N-NO2 N-NH4 N-tot P-PO4 P - tot

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

Digestate 50x 
diluted

15 110 1300 630 0.38 <0,002 45 120 4.3 9.8

Digestate 750 5500 65000 31500 19 0.1 2250 6000 215 490

BG-11 0 - - - 250 - - 250 7 7

Tab. 4 Chemical analysis of digestate used for microalgae cultivation.
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Fig. 12 Growth rate of selected microalgae in BG-11 medium, wastewater (WW) and digestate.



ASSEMBLING OF ECO-INOVATIVE UNIT (AC-PBR)
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Fig. 11 cxcxc Fig. 14 Assembling of AC-PBR.

Fig. 13 Schema of annular-column photobioreactor (AC-PBR).



ASSEMBLING OF ECO-INOVATIVE UNIT (AC-PBR)
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BASIC SPECIFICATION

Fig. 15 Testing of AC-PBR.

o V = 30L
o Photic layer = 45mm
o Bubbling and cooling loop
o Automatic CO2 addition (pH-stat)
o On-line monitoring of variables

Fig. 16 Control software of AC-PBR (accesible on http://147.231.249.16/)

o Maximum LI=1600 µmol m-2 s-1

o pH, O2, t, pumps regulation
o Turbidity probe SOON



HANDOVER OF AC-PBR
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18.1.2022 
Scharfling, Mondsee

21.1.2022 
Faculty of Fisheries, Vodňany

Fig. 17 Handover of AC-PBR in Scharfling. Fig. 18 Handover of AC-PBR in Vodňany.



CULTIVATION IN ECO-INOVATIVE UNIT
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o Chlorella vulgaris

o Monodopsis SVB200

o Monoraphidium „B“

CHLOROPHYCEAE

EUSTIGMATOPHYCEAE

o Trachydiscus minutus

o Vischeria helvetica

Fig. 19 First cultivation in AC-PBR.



MEASURED VALUES
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o Dry weight

o Cell numbers

o Photosynthesis performance

o Pigments (Chl a, Chl b, Car)

o Fatty acids

Fig. 20 Cultivation of Chlorella vulgaris in AC-PBR A) D1 and B) D15.

A B



EXPERIMENTS IN AC-PBR
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Fig. 21 Growth curves of microalgae cultivated in AC-PBR. Fig. 22 Growth rates [d-1] of microalgae cultivated in AC-PBR.



FLUORESCENCE MEASUREMENTS
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• Relationship between LI and 
photosynthetic rate

Increasing irradiance
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Fig. 23 Theoretical explanation of light repsonse curve (LRC).

Fig. 24 Transport of electrons in PQ pool.

Fig. 25 Photosynthetic oxygen evolution.

Maximum photosynthetic activity

Maximum photosynthetic efficieny

Saturation irradiance



FLUORESCENCE MEASUREMENTS
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Fig. 26 Maximum photochemical yield of selected microalgae grown in AC-PBR.
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Fig. 27 Total FA content of selected microalgae grown in AC-PBR.
Fig. 28 Individual FA content of selected microalgae grown in AC-PBR.



BIOMASS HANDOVER
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OUTPUTS – PUBLICATIONS (3 IN TOTAL)
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Applied Sciences; 2021

JAPH; 2021

Submitted to JAPH; 5/2021

In progress



OUTPUTS – OTHERS
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• Science fairs

• Science nights

• Summer school Yspertal

• Regular seminars at Algatech

• Poster Session Algatech

• ... others



SUMMARY
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• 5 microalgae strains were selected on the base of the growth and FA profile

• All of them characterized in small scale an AC-PBR as well

• 3 AC-PBRs were completed and 2 of them were delivered to our partners

• All microalgae provided to BEST and FF Vodňany for further test
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